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i0»  COsUxXi  cX'5i  c.  COSaliT  aT.TAY 

oita  respsct  to  thoir  physical,  csesical,  aai  aachanicai  properties 
nicksl-cobait  coatings  are  of  considerable  interest.  The  advantage  of 
nickel-cobalt  coatings  lies  in  tae  fact  that  they  are  herder  and  sore 
resistant  to  corrosion  than  nickel. 

Since  the  deposition  potentials  of  nickel  ana  cobalt  in  solutions 
of  siaple  salts  differ  uesligeably  fros  each  other,  froa  the  electro- 
chenicei  point  of  view  the  coabined  deposition  of  nickel  and  cobalt  on 
the  cathode  froa  sulfate  electrolytes  is  fully  possible. 

Tns  relationship  between  the  coapositioa  of  the  electrolyte  and  the 
cot^sition  of  the  cathode  deposit,  and  the  influence  of  different  factors 
on  the  cathode  process  have  been  described  in  detail  in  scientific  reports  (3). 

Tns  authors  note  that  the  deposition  of  cobalt  on  the  cathode  has 
an  advanlaga  over  the  deposition  of  nickel. 

Thus  with  only  IjjS  Go  in  a  solution  (as  coopered  with  the  total 
percentage  of  nickel  ana  cobaltj  which  is  taken  to  be  100}  with  a  current 
density  of  1  aar/da^  and  a  teaaeratare  of  allay  with  an  equal 

aaoant  of  both  zeteis  is  obtained,  hitn  increase  in  esurant  density, 
end  with  increase  in  teaperature  of  pa  the  nickel  content  in  the  cathode 
deposite  increases. 


■rtsasiirei^Kn-;  of  the  hardness  o?  nicSral-cobair  coatings  il)  shews 
taat  already  vita  only  aboat  Co  in  a  coating  suazimm  hardness  is 
obtained,  equal  to  she  hardness  of  pure  cobalt. 

Corrosion  tests  in  a  i%  soli^tion  of  2feCl  enable  us  to  drav  the 
conclusion  that  alloys  with  an  identical  content  of  nickel  and  cobalt 
in  the  coatinj,  have  the  greatest  cheaical  stability. 

11.  diSCIaL  C^.S5S  Qg  D£r0;>in02i  0?  A  iSCiiSL-COBAU  ILLDY 

beoositiaa  of  a  nickel-cobalt  alloy  as  a  proteetive  aad 
decorative  coatiPR. 

an  alloy  containing  1-^  cobalt  has  been  widely  used  abroad  as 
a  lustrous  nickel  coating  vfor  more  details  see  Ko,  5  “Sibliotschka"), 

•tui  alloy  containing  Ip-eCS  cobalt  is  used  to  shorten  the  time 
required  or  the  mscnanical  preparation  of  the  surface  berore  application 
of  the  nickel  coating,  a  peculiarity  of  this  alloy  is  that  in  applying 
It  as  a  sublayer  on  coarsely  treated  sox'faces  of  cosponeats,  the  sorfacs 
cf  the  coating  becomes  smoother. 

Considerable  smoothing  action  is  obtained  in  an  electrolyte  with 
tne  following 'composition: 


nickel  sulfate  ................................  36O  g/1 

Hicksl  chloride  ...............................  30  g/1 

?omic  acid  25  g/1 

Boric  acid  . .  37.5  e/^ 

Cobalt  sulfate  i.5  g/1 


•5 


Foraaldahj-de  . .  0.6  fi/i 

Catnaoe  ctirrect  density  .................  4.1  aap/dm^ 

V&st-^TbZi^re . . . .  77-77°  C 

Tue  unodes  are  of  an  ailoy  with  the  saoe  coapositioa  as 

cas  catcoGS  deposit,  otirring  and  filtering  the  electrolyte  are 
essential. 

Betositian  of  saafgietic  elloTs.  Siectrodeposition  of  magnetic 
alloys  is  used  to  advantage  in  sound  recording  ;ciq  in  the  recording  of 
non-sound  signals  instead  of  powder  soiiad- carriers,  which,  when  coopered 
to  alloys,  posses^ a  sr«sbar  of  defects  Uses  mechanical  streiigth,  greater 
noise  level,  difficulty  in  obtaining  a  uniform  layer,  etc.}. 

However,  elsctrodeposited  alloys  may  also  be  used  to  make  permanent 
magnets  of  a  given  configuration  or  on  a  given  base. 

•alloys  of  nickel  with  cooalt  er.d  alloys  of  nickel  with  cobalt 
piiosphorus  are  used  as  magnetic  coatings, 

io  obtain  the  best  characteristics  of  a  nickel-cobait  alloy  (coercive 
forte  ..0t‘-ac0  oersteds  and  residual  induction  4CBu-60C0  gauss},  it  is 
necssssrp  io  keep  the  percentage-  ^f  nickel  in  the  alloy  between  15  ana  53S, 
..  higniy  coercive  Ki-Co-i-  alloy  Icoercive  force  6CO-7CO  oersteds,  residual 
induction  4OOO-6OCO  gauss}  may  be  obtained  with  a  phosphorus  content  of 
about  3^  in  the  alloy. 

The  technology  of  deposition  of  these  alloys  was  worked  out  in  the 
Institute  of  Sound  Becording  ;9l.  For  tais  purpose  the  coating  is  applisd 
on  the  surface  of  drums  or  on  wire, 

eiCL-464y> 


Druns  coated  vit-h  s  co&alt-aickel  alloy  are  used  for  recording 
and  ^ausic* 

Dross  coaved  wird  a  triple  alloy  Iii-Co-1  arc  ussii  as  saasiory 
devices  in  erectronic  caicoiating  loacnines. 

To  deposii  a  aiagnetic  alloy  Xi-Co,  the  following  conditions  are 


recJCTBaded: 

nickel  coloride  ...............................  I3O-I4O  g/1 

Cobalt  sulfate  UO-lkO  g/1 

3oric  acid  . . 2C-30  g/1 

rotassiuoi  chloride  . . IC-I5  g/1 

o 

Cathode  current  denzity  T}^  1>2  aap/da 

pH  of  tne  electrolyte  .........................  4«0-3a0 

Tesp^rat-ire  . . 3^-60^  C 


To  dsposite  a  triple  alloy  Si-Co-ir,  the  following  conditions  are 


recottosnded: 

Xickel  chloride  ...............................  120-140  g/1 

Cobalt  chloride  ...............................  120-140  g/1 

.^tnoniua  chloride  .............................  8O-IOO  g/1 

oodiun  Hypophosphite  ..........................  6-lC  g/l 

Cathode  current  density  ....................  IO-I3  aap/ds^ 

pH  of  the  electrolyte  0.3-4<3 

Teaperature  40-60^  C 


In  both  cases,  in  order  to  obtain  alloys  of  unifcm  thickness,  it 


is  necessary  to  rotate  the  cathode 
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For  an  «i-Co  alloy  a  high  crrrent  density  of  5  is  recoaaisnaed 

for  2C  seconds,  after  which  the  strength  of  the  current  is  reduced  to  1  amp/dn^. 
Tne  parity  of  tne  electrolyte  is  of  very  great  signif icaace ,  thus  reijuiring 
taat  tne  salts  us-*a  in  it  be  aarksd  either  -chealeally  pure*  or  “pure  for 
analysis*  and  that  the  electrolyte  oe  purified  periodically  by  filtra¬ 
tion  tarough  activated  cnarcoal. 

To  obtain  uniforia  results,  the  surfaces  of  the  druns  should  be 
coated  with  copper,  if  the  drun  is  -aada  of  steel  or  has  steel  coEpoaants* 
it  is  necessary  to  demagnetize  the  steel  before  applying  the  coating. 

In  coating  wire,  it  is  convenient  to  work  on  a  conveyor  installa¬ 
tion.  which  cakes  it  possible  to  coat  wire  of  great  length. 

The  wire  mast  have  a  szudl  coefficient  of  elongation  (brass,  steel, 
nickelics,  phosphorus  and  beryllium  bronze),  fee  optisuta  thickness  ot  a 
ynirg  coatinc  is  o— 3  microns,  sn  alloy  of  nickel  with  cooalt  may  be  used 
for  anodes-  in  which  case,  it  is  desirable  that  the  cobalt  content  in 
the  anodes  tebigher  taan  ?CjS,  or  else  pure  cobelt  may  be  uss<^,  if  we 
raricdically  correct  the  bath  with  respect  to  nickel. 

^  defect  in  tne  galvanic  ssthod  of  applying  a  magnetic  coating  is 
tne  necessity  of  coating  she  dram,  not  on  the  spot  (in  a  aachine),  but 
in  dismantled  fora,  which  makes  it  hard  to  set  the  parts  in  place 
accurately,  afterwajcds. 

However,  tnis  defect  is  fully  cosmensated  by  the  strength  of  the 
resulting  alloy  under  operational  conditions,  thus  ensuring  greater 
reliability  than  powder  carriers. 


xCL-k^/l 
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U.  CQjgLNG  hlTii  iilCKsI^HiOoKiOKUS  ALLOY 
-alloys  of  nichai  with  Lhospiiorus  are  .harder  and  more  corrosion- 
resistant  tnan  nickel  coatincs.  The  hardness  of  the  alloys  increases 
with  increase  in  phosphorus  content.  Through  heating  and  exposure  for 
13-3C  adcutss  at  a  teaperature  of  5*'0-600^C  the  hardness  of  the  deposits 
_ay  be  incrsassd  os  such  as  tises.  a  nickel-phosphorus  alloy  aay 

he  obtained  both  electrocnenically  and  cheni cally. 

'•hen  the  cns-aical  aethod  is  used,  tne  phosphorus  content  in  the 
deposit  amounts  to  6-7%, 

In  electrochemical  deposition  of  a  coating  the  percentage  of 
phosphorus  in  the  alloy  may  vary  within  wide  linits  ifron  0  to  20^). 

The  cheaical  netaod  is  already  being  widely  used  in  industry, 

-n.  description  of  the  cnemical  aiethod  of  depositing  a  nickel- 
phosphorus  alloy  Ibetter  known  as  the  process  of  cnemical  nickel  plating) 
is  given  in  i«o.  5  of  tne  ”3ibliotschka=, 

rt.  iii-r  alloy  may  be  deposited  electrochsmi cally  from  several 
electrolytes. 

Slectroiytes  prepared  on  a  base  of  phosphoric  and  phosphorous  acid 
have  been  sentioned  in  scientific  reports  (2). 

However,  in  view  of  tne  cost  and  the  scarcity  of  phosphorous  acid, 
it  is  difficult  to  anticipate  wide-spread  use  of  taese  electrolytes 
in  industry, 

acL-kOil'i 
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To  deposit  tne  alloy,  an  ordinary  nickel  ele  ctrolyte  vitii  an 
adaition  of  sodiun  nypopnospiiits  was  proposed  (IC). 

In  tnis  elsctrolyte  tue  strongest  effect  on  the  phosphorus  content 
in  the  de. osit  and,  consequently,  on  the  hardness  of  the  coating  is  due  to: 
tee  concentration  of  sodium  hypophosphite,  the  acidity  of  the  electrolyte, 
and  cne  density  of  the  current. 

Tne  pnosphoras  content  in  the  deposit  decreases  with  increase  in 
acidity  and  current  density,  and  also  >hea  the  concentration  of  sodium 
nypopnospnite  in  the  electrolyte  fails  below  10  g/l. 

Increase  of  tne  concentration  of  sodium  hypcsalfite  above  10  g/1 
is  not  advisable,  since  the  phosphorus  content,  and,  consequently,  the 
nardness  practically  do  not  change.  Fartnermore ,  concentrated  solutions 
of  sodium  hypophospaite  have  a  tendency  to  spontaneous  decomposition  at 
high  temperatures. 

deposits  obtained  at  low  temperatures  start  to  crack  end  peel  even 
dicring  the  process  of  electrolysis.  Therefore,  it  Is  recommended  that 
lae  deposition  take  place  at  a  temperature  not  less  than  7C®  C. 

To  deposit  an  alloy  containing  10-llS  phosphorus,  the  following 
electrolyte  ccstposition  and  conditions  of  operation  may  be  recommended: 


Kickel  sulfate  ijiS0^.7ii20  . . .  140  g/1 

Sodium  sulfate  iia2S)4-10H20 . . .  50g/l 

Sodium  chloride  »aCl  ..............................  20  g/1 


:«CL-4 
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3jric  acid  . . . . 2C  g/1 

c>3dius  aycjchjsihite  ..................  8-10  g/1 

Oatnode  current  density  Dj^  aap/dai^ 

Teuoarature  ..........................................  70^  C 

pH  of  the  electrolyte  . . . . .  4-5*5 


‘The  siicroaardness  of  a  coating  obtained  under  these  conditions 
aaounts  to  5CO-550  kg/om^.  Heat  trsetstsat  at  a  tenpsrature  of  600°C 
for  jO  ainates  increases  the  aicrohardness  to  lkOO-1300  kg/icai^. 

«  nickel-phosphorus  coating,  subjected  to  heat  treatoent.  practically 
does  not  change  its  aaidness  during  operation  at  high  temperatures,  in 
contradistinction  to  a  ohrojaiiua  coating,  the  hardness  of  ■hich  decreases 
noticeably  at  temperatures  greater  than  ijCO^C, 

It  has  been  shovn  (15)  that  tne  addition  of  phosphoric  acid  to  the 
electrolyte  noticeably  stabilizes  its  sodium  hycopfaosphite  content.  In 
this  case  tears  is  a  possibility  of  operating  with  greaj  current  densities 
without  stirring. 

The  author  recoonsnds  the  foilowinj'  electrolyte  comtosition  ana 
conditions  of  operation  for  iiigh-syeed  solid  nickel  plating: 


liick&l  sulfate  x<li^^-7h^  2C0  g/1 

Sickei  chloride  iiiCl2«6H-0  ...........................  3®  fi/i 

oodium  hypophosphite  ttEji^r02'^2^  3®  6/1 

Phosphoric  acid  aycOf^  AO  6/1 


i 

1 

t 

V 

• 

4 

•• 

■  '  **  i 

V-J... . -^1 

■ 

> 
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Caznjda  current  density  1>>  IO-I3  asp/ds^ 

Tanperet’jre  ................  30-90°C 

pH  of  tee  electrolyse  .............................  2. 0-2.5 

Output  efficiency  60-802 

iifser  the  electricity  passes  throupi  at  a  rats  of  25  ess~st/1,  the 
concentration  of  sodium  hypophosphite  in  the  electrolyte  decreases  froa 
jC  to  3  s/i,  The  t-nosrhorus  content  in  the  deposit  decreases  correspondingly 
froa  17  to  5«« 

Coatings  containing  phosphorus  end  sore  have  a  brilliant,  stable 
luster  and  a  sssjoth  surface,  even  vhen  tfaay  are  0.2-0,5  nta  thick,  afaen  the 
phosphorus  content  is  less  then  5^,  the  coating  loses  its  luster  and 
becomes  dull. 

Comparison  of  the  process  of  deposition  of  a  nickel-phosphorus  alloy 
and  the  process  of  chroaiua  plating  shows  the  follorwingt 

1)  The  hardness  of  nickel-phosphorus  coatings  is  not  inferior  to 
the  sardness  of  chromium  coatings  and  does  not  change  with  increase  in 
temperature  iafter  heat  treatment): 

2)  Tne  rate  of  deposition  of  nickel-phosphorus  coatings  is  C.07-C.1 
mn/hr.  vnile  for  chroaium  coatings  it  is  0.02-C.03  ^n/hr,  and  in  the  case 
of  chemical  nickel  plating  it  is  C.013  mq/hr; 

3)  The  dispersing  ability  of  the  electrolyte  for  solid  nickel 
plating  is  considerably  higher  than  the  dispersing  ability  of  a  chromium 
alectroiyte; 
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ii)  The  cathode  output  efficiency  in  an  electrolyte  in  the  cose 
of  solid  nickel  cieting  is  6c— SOfe,  while  in  the  case  of  chrcaiua  plating 
it  varies  fron  1^  to  13S. 

Thus,  nickel-phosphorus  coatings  nay  be  successfully  used  insteed 
of  chroniun  coatings,  especially  for  coating  co-nponents  which  operate  at 
high  teaperatures. 

In  like  aanner  alloys  of  cobalt  with  phosphorus  nay  be  obtained, 
dowavar,  tne  iailrr  are  not  yet  being  uses  in  industry. 


